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Device and method for braiding a core 



The present invention shows a device and a method for 
the automated braiding of a core with a multilayered 
5 braided structure consisting at least largely of heavy- 
duty fibers and having regions with a differing number 
of layers . 



Such braided structures form the core of a component of 
10 fiber-reinforced plastic, for which purpose the braided 
structure is fixed in a mold and the curing plastic is 
injected into this mold. This procedure is used in 
particular in the case of a fiber-reinforced plastic 
with a very high fiber content. The fiber-reinforced 
15 plastic components created in this way have very high 
strength along with very low weight and are used for 
example in aviation and aerospace. A further possible 
use is in automobile construction, if the use of high- 
strength and nevertheless lightweight components is 
2 0 required. 

The braided structure is created in a known way by a 
braiding machine. On account of the lack of inherent 
stability of a braided structure, in the production of 

25 a closed braid it is braided around a solid core which 
already represents the final contour to be obtained 
later. During this operation, the core and the 

braiding machine are moved in relation to each other in 
order to create a sheet-like structure. The thickness 

30 of the braid created can be controlled on the one hand 
by the thickness of a braided layer or on the other 
hand by the provision of a number of layers arranged 
one on top of the other. The braided structure of 
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high-strength fibers in this case has adequately high 
inherent tension, so that the braid lies firmly against 
the core around which it is braided. 

5 The invention is based on the object of producing with 
high precision a braided structure with a thickness 
differing in the direction of movement of the core in 
relation to the braiding machine. 

10 This object is achieved by the device according to the 
invention . 

With the device according to the invention it is 
possible to lay individual layers of the braided 

15 structure in a doubled manner by reversing the movement 
of the core to be braided in relation to the braiding 
machine. The element that can be brought into place in 
an automated manner by means of the guiding apparatus 
defines the doubling-over edge of the layer to be 

2 0 doubled over and for this purpose has on the end face a 
defined stiff edge. 

The guiding apparatus advantageously has at least one 
horizontally and vertically movable arm, which acts on 
2 5 the element and with which the element, and 
consequently also the defined stiff edge for doubling 
over the layer, can be positioned in an automated 
manner . 

30 In a favorable development, the element is arranged in 
such a way that it encloses the core, whereby a laying 
edge running around the core is formed. 

It is also advantageous for the element to comprise at 
35 least two separate shells, one arm of the guiding 
apparatus being arranged on each shell, in order for 
example to be able to arrange a peripheral edge at the 
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desired position even in the case of a non-cylindrical 
formation of the core. 

In a further advisable development, the at least two 
5 shells can be braced against the core by means of a 
clamping element acting circumf erent ially on them. The 
shells are pressed with additional force against the 
braid and against the core, so that slipping on the 
braid is not possible. 

10 

In a favorable development, the device has at least one 
further clamping apparatus with a number of stem 
elements arranged in an annular manner around the core, 
these elements also advantageously having needles on 
15 the end faces. With the stem elements fitted with 
needles, the braid can be penetrated and held in its 
position with respect to the core. 

It is also advisable in this case if the clamping 

2 0 apparatus can be made to move horizontally along the 

core to move to specific points and in this position 
then has means for radially moving the stem elements 
and for making the needles provided at the end faces 
penetrate into the braid. In this case it is also 
25 advisable if these means for radial movement are formed 
as pneumatic cylinders and consequently can be 
activated simply and individually. 

The object on which the invention is based is achieved 

3 0 furthermore by the claimed method, the method being 

suitable in particular for use on the claimed device. 

Further advantages and features of the invention can be 
taken from the description which follows in relation to 
3 5 the exemplary embodiment that is represented in the 
drawing and also from the individual patent claims. 
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In the drawing: 

Figure 1 shows a side view of the linear displacing 
apparatus in a perspective representation, 

5 

Figure 2 shows the guiding apparatus for the clamping 
elements in a representation analogous to 
Figure 1 . 

10 The linear displacing apparatus 10 represented in 
Figure 1 makes it possible for a conically formed core 
12 to be braided in the way according to the invention 
with a high-strength fiber on a braiding machine (not 
represented) . In the exemplary embodiment described, 

15 the high-strength fibers are carbon fibers. In the 
same way, however, aramid fibers or glass fibers may 
also be used. The braiding machine (not shown) is 
fixedly arranged, so that, to achieve a sheet-like 
braided structure on the core 12, the latter has to be 

2 0 moved in relation to the braiding machine. The linear 
displacing apparatus 10 has in this case a rail 14, 
which extends in the longitudinal direction and along 
which the core 12 is displaceable . The core 12 is 
secured at its front end on a pin 16 and at its rear 

25 end on a mount 18, the pin 16 and the mount 18 being 
arranged such that they can be made to move on the rail 
14 in a coupled manner respectively by means of a 
holding element 20 and 22. The holding elements 20 and 
22 forming the guiding apparatus together with a 

30 control system also serve at the same time as spacers 
between the rail 14 and the core 12 . One reason why 
this spacing is necessary is to create adequate space 
for the braiding process (not represented) , with which 
the core 12 is covered over its entire length (parallel 

35 to the rail 14) with a multilayered braided structure. 
While the braiding machine (not shown) is fixed in 
place, the core 12 is moved on the rail 14 by means of 
the holding elements 2 0 and 22 forming the guiding 
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apparatus. In this case, a reversal of the braiding to 
form a multi layered braided structure can be initiated 
by a reversal of the movement of the core 12. 

Arranged on the holding element 22 are four guiding 
arms 24, 26, 28, 30, which extend largely parallel to 
the rail 14 and at their front ends have shells 32, 34, 
36, 38. 

These shells 32, 34, 36, 38 can be placed against the 
core 12, or against the braided layer lying on top, by 
means of the arms 24, 26, 28, 30. With the shells, the 
braided structure, which under normal loading is held 
against the core 12 just on account of its internal 
tension provided by the braiding process, can also be 
held fixedly in its position on the core 12 even under 
very high tensile loads during the reversing process. 

This is important in particular whenever the reversal 
of the braiding process is intended to take place at an 
20 exactly defined point of the conical core profile, in 
order to create a step on the finished component by 
means of a differing number of layers. 

To support such a braiding reversal process, the device 
25 has a further, pneumatically operated clamping system 
40 with a housing 45. The housing 45 of the clamping 
system 40 is likewise arranged displaceably on the rail 
14 of the linear displacing apparatus 10 by means of a 
mount 43 and surrounds the core 12 in a largely annular 
3 0 manner. At positions - four in the example described - 
distributed uniformly over the inner circumference of 
the housing 45 of the clamping system 40, stem elements 
41a, 41b, 41c, 41d are arranged. The stem elements can 
be brought to bear against the core 12 by means of a 
3 5 pneumatic apparatus (not shown) . In the example shown, 
three pairs of four stems are realized, arranged one 
behind the other in the longitudinal direction of the 
core. One element in each case of the pairs of four 
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stems is in this case arranged respectively on a stem 
element 41a, 41b, 41c, 41d. With each pair of four, a 
reversal point can be produced. 

5 At the end face, the individual stems of the stem 
elements 41a, 41b, 41c, 41d have needles, which, when 
the stem element bears against the core 12, enter the 
braided layer surrounding the core and fix the braided 
layers in this position in the longitudinal direction. 
10 Each of the individual stems can be actuated 
individually by means of hydraulic cylinders, the 
individual stems interacting in pairs of four being 
actuated in a synchronized manner. 

15 The core 12 consists of rigid foam, in order to make it 
possible for the braided layers to be penetrated and 
for them to be made to bear firmly against the core by 
the needles. 

20 The clamping system 40 can be displaced along the rail 
14 independently of the core 12, in order to make it 
possible for the clamping system 40 to be positioned at 
various positions along the longitudinal axis of the 
core . 

25 

The braided structure created on the conically formed 
core 12 is intended to have a conical profile and a 
differing number of braided layers over the length of 
the core 12 (parallel to the rail 14) . To produce such 

3 0 a braided structure, use is made of a braiding reversal 
process, in which the movement of the core 12 with 
respect to the stationary braiding machine is stopped 
at at least one defined point and the movement is 
continued in the opposite direction. In the region of 

35 the core that is passed over twice in this way, a 
doubled braided layer is consequently created, while 
other regions of the core are not provided with a 
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further braided layer at all as result of the reversal 
of the movement . 

The difficulty of this reversed braiding process is 
5 that the defined reversal point of the braided layer is 
to be created by a defined reversal edge. For this 
purpose, at the moment of the reversal of the movement 
of the core 12, the braided layer must be prevented 
from being displaced with respect to the latter. The 
10 self -stabilization of the braided layer on the core on 
account of the inherent tension of the braided 
structure only comes into effect when the braided layer 
is of a certain length. 

15 For this purpose, in the braiding reversal process the 
braided layer that is respectively uppermost is held in 
its position and fixed by the shells 32, 34, 36, 38 and 
the stem elements 41a, 41b, 41c, 41d. 

2 0 The braiding machine (not shown) is positioned in such 
a way that the core 12 is braided in the direction of 
the pin 16, starting from the mount 18. 

In order to create the braided structure in the desired 
25 form of the core 12, the core is braided at first with 
at least two layers over its entire length, proceeding 
from the mount 18 to the pin 16 and back. If the next 
two layers are then not to be braided over the entire 
length of the core 12, a reversal of the movement of 
30 the core with respect to the braiding machine takes 
place at a defined point of the movement of the core 
12. The movement of the core 12 with respect to the 
stationary braiding machine and its reversal are 
prescribed by means of a control system. 

35 

In the reversal of the braiding process, the shells 32, 
34, 36, 3 8 are brought to bear against the outer 
braided layer on the core 12. In this case, the shells 
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34 and 36 and also 32 and 38 respectively act together, 
in that they are brought to bear against the core 12 in 
the same position in the longitudinal direction. In 
the reversal of the movement of the core 12, synonymous 
5 with the reversal of the braiding process, the front 
edges 32a and 38a of the shells 32 and 38 form a 
defined edge around which the braided layer being 
created at the time is led in the reversed braiding. 
In this way, the reversal point is exactly defined and 

10 consequently the beginning of the second braided 
structure is similarly established. Starting from the 
point of the braiding reversal, the braided structure 
is consequently thicker by two braided layers in the 
direction of the mount 18 than in the direction of the 

15 pin 16. 

The front, defined edges 32a, 38a of the shells 32 and 
3 8 are braided over by the new braided layer to the 
extent necessary for the definition of the desired 

20 reversal position of the braided layer. 

In a further step, the double layer created in this way 
is fixed directly at the front edges 32a, 38a of the 
shells 32 and 38 by the clamping system 40 or its stem 
elements 41a, 41b, 41c, 41d. Here it is necessary that 

25 the clamping system 40 can likewise be displaced in an 
automated manner on the rail 14 into the region of the 
shells 32 and 38. When the new, doubled braided layer 
is fixed in its position with respect to the core 12 
formed from rigid foam by the stem elements 41a, 41b, 

3 0 41c, 4 Id and the needles arranged on the end faces of 
the latter, the shells 32, 34, 36, 38 are lifted off 
the core 12 again and brought into their original, 
inactive position in the region of the mount 18. In 
the case of the conical form of the core 12 provided 

35 here, the shells 32 and 38 already partly braided-over 
in the front region, facing the pin 16, in particular 
must be moved out in an iterative process both in the 
longitudinal direction and in the transverse direction 
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in relation to the rail 14 between the two braided 
layers . 

This operation of reversed braiding can be repeated at 
5 various points over the length of the core 12. In this 
case, however, it is advisable to ensure that the 
number of braided layers continuously increases or 
continuously decreases in the longitudinal direction of 
the core 12 . 

10 

Figure 2 shows the mount 18 with a roller arrangement 
42, with which the mount is arranged displaceably on 
the rail 14 represented in Figure 1. The mount 18 has, 
furthermore, a holding element 44, on which one end of 

15 the core 12 (not shown in this figure but in Figure 1) 
is secured. Arranged in the region of this mount 18 is 
the mechanism 46 for positioning the shells 32, 34, 36, 
38 by means of the arms 24, 26, 28, 30 respectively 
corresponding to them. The mechanism 4 6 can be 

20 displaced in the longitudinal direction with respect to 
the mount 18, in order to avoid impairment of the 
braiding by the shells 32, 34, 36, 38 during the normal 
braiding process. The shells are brought into their 
active position by means of the mechanism only in the 

25 case of the reversal of the braiding process 46. By 
pivoting the arms 24, 26, 28, 30, the shells 32, 34, 
36, 3 8 are brought to bear against the braided layer 
lying on top on the core. The interacting shells 32 
and 3 8 are connected by means of a peripheral cable 48, 

3 0 which is led around the core 12 in a circular manner. 
The cable 48 can be tightened by means of a roller 
system 50, so that the circle which the cable forms 
around the core is reduced and the shells 32 and 38 are 
pressed against the core by the force of the cable. 

3 5 This tightening of the shells 32 and 3 8 against the 
core takes place counter to the force of a spring 52, 
which effects lifting off of the shells 32 and 38 from 
the core when the tensile force in the cable 48 
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subsides. The shells 34 and 36 interact in a way 
analogous to a cable 54, a roller system 56 and a 
spring 5 8 . 

5 As evident in Figure 2, the shells are adapted to the 
conical form of the core 12. Shells formed similarly 
by corresponding adaptation of their form can also be 
used to produce cylindrical or rectangular forms. 

In the exemplary embodiment described, the rigid foam 
core 12 is braided with carbon fibers. The 
multilayered fibrous braided structure created is then 
impregnated with a plastic and cured in a downstream 
operation. The core 12 serves in the braiding process 
only as an inner form carrier for the flexible braided 
structure and does not constitute part of the later 
component in the application described. In principle, 
however, part of the finished component may also be 
formed by the form carrier. 

In the regions of the braided structure in which a 
differing number of braided layers has been created by 
the reversed braiding process, defined step transitions 
are formed during curing. The method according to the 
invention, which is controlled in an automated manner, 
with the device likewise according to the invention 
allow the steps to be created at exactly 
predeterminable points. 

3 0 The individual layers of carbon fiber braided onto the 
rigid foam core are tufted, in order to interconnect 
them captively. On account of the material properties 
of the rigid foam core, the tufting can be carried out 
before the core is removed, since the needles can 

35 penetrate into the rigid foam during the tufting. 
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